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Introduction 


Clinicians, by means of inspection and palpa- 
tion, have studied the pulsatory movements of the 
chest wall for more than a century, and have 
obtained valuable information about the size and 
shape of the heart and its hemodynamic events." 
T. R. Harrison® recently pointed out that “in a 
large proportion of patients with relatively slight 
degrees of hypertrophy of either ventricle, palpa- 
tion constitutes the most reliable method of de- 
tection.” Yet, in this machine age, the method 
of palpation, in spite of its simplicity, has not 
acquired many adherents among physicians and 
teachers in medical schools. 

In the past few years, graphic registration of 
pulsations of the thoracic wall has been made in 
a few laboratories.** With te graphic method 
we were able to confirm the results obtained pre- 
viously by inspection and palpation. Graphic reg- 
istration, if properly done, presents a faithful 
picture of the low-frequency vibrations of the 
chest wall. Indeed, it furnishes a bewildering 
multitude of waves, some of which are well 
understood, while others defy analysis. The 
graphic method requires expensive apparatus, is 
time-consuming, and so far has not been a signifi- 
cant addition to our diagnostic armamentarium. 

Inspection and palpation may still be consid- 
ered the best means for the clinical study of 
pulsatory phenomena of the chest wall. Pulsa- 
tions are felt best with the base of the dorsiflexed 
right hand pressed firmly against the area to be 
explored, while the left hand, for the purpose of 
timing, examines the peripheral pulse, preferably 
in the radial artery. The apex beat, however, is 
felt better with the index and middle fingers of 
the open right hand pressed against ribs and in- 
tercostal spaces in the apical region. 


*From the Department of Medicine, Maimonides Hos- 
pital, Brooklyn, N. Y., and College of Medicine, State 
University of New York, New York, N. Y. 
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PULSATIONS OF THE CHEST WALL AS DIAGNOSTIC SIGNS* 


Physiologic Forces Responsible for 
Pulsations of the Chest Wall 


Cardiac contraction causes pulsations of the 
chest wall by hardening of the myocardium, a 
change in the shape of the heart, locomotions of 
the heart, a change in cardiac volume, and by the 
impact of blood ejected into arteries and veins. 

Change in shape of the heart. In the experimen- 
tal animal, the exposed heart is seen to flatten dur- 
ing diastole, assume a spherical shape and increase 
its curvature in systole. This change in shape is 
insignificant under normal conditions, when the 
chest and pericardium are closed and the heart is 
subject to elastic traction by the lungs. In certain 
pathologic circumstances, however, the enlarged 
heart may be flattened in the anteroposterior 
diameter, and systolic increase in curvature may 
produce lifting of the precordial area. According 
to T. R. Harrison,* contraction of the powerful 
muscles at the base of the left ventricle normally 
causes bulging of the thin-walled apical region 
(physiologic cardiac aneurysm). This effect is 
pronounced when a circumscribed area of the 
ventricular wall is softened or fibrotic. 

Rotation of the heart. Because of the spiral ar- 
rangement of its superficial muscle bands, the 
heart rotates from left to right during systole. 
Thus a larger portion of the left ventricle is 
shifted into the frontal position. 

Recoil of the heart. During systole, the heart is 
moved footward and forward by ballistic forces, 
while the blood is shifted toward the base and 
ejected into the great arteries. Stretching of the 
large arteries gives rise to a movement of the 
apical portion in a direction opposite to that of 
the blood stream. 

The forces thus far enumerated tend to pro- 
duce a propulsion of the anterior thoracic wall 
during systole. They are opposed by the effect of 
systolic diminution in the volume of the heart. 

Change in the volume of the heart. Systolic de- 
crease in cardiac volume exerts an aspiratory 
effect on the chest wall, either directly, where the 
heart is in contact with the chest wall, or indi- 
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rectly by a fall of the intrathoracic pressure due 
to rapid outflow of blood during systole. When 
the flow of air and venous blood into the chest is 
unable to prevent a drop in intrathoracic pres- 
sure, an aspiratory effect results during systole 
which tugs the wall of the chest inward and the 
diaphragm upward even beyond the boundaries 
of the heart. 

The propulsatory and aspiratory forces, acting 
simultaneously upon the chest wall, produce a 
variety of pulsatory phenomena, sometimes com- 
plex enough to defy analysis. 


The Apex Beat 


Among the propulsatory forces responsible for 
the apical thrust, rotation of the heart is most 
important, according to Wiggers. Other deter- 
mining factors are probably the systolic increase 
in curvature of the heart (ballooning of the 
apical region*), recoil of the heart and stretching 
of the great arteries. 

The normal apex beat is feeble and covers an 
area of from one to two centimeters. It is an er- 
roneous belief that an apex beat is common 
palpable in normal persons. Actually it is felt in 
less than 25 per cent, when both sexes and all 
age groups are considered. It is frequently evi- 
dent in children and adolescents, but becomes less 
so after the age of 20. In adults who are examined 
in a reclining position, the apex beat is only 
exceptionally observed, and then more often in 
thin individuals with flat chests. The contour of 
the chest, the thickness of the layer of lung cover- 
ing the heart, the position of the diaphragm, and 
obesity influence the manifestation of the apical 
thrust. Conditions are favorable for the trans- 
mission of the apical thrust in juvenile persons, 
where the capacity of the chest is relatively small 
in proportion to the size of the heart and a high- 
standing diaphragm causes the heart to approach 
the chest wall. With advancing age the capacity 
of the chest increases out of proportion to the 
size of the heart, and the diaphragm descends. 
A thicker layer of lung then prevents the apical 
region from transmitting its movement to the 
thoracic wall. 

The apex beat in left ventricular hypertrophy. 
Hypertrophy of the left ventricle increases the 
force and width of the apex beat, provided the 
heart is close enough to the chest wall to transmit 
its pulsation. The signs of hypertrophy may not 
be manifest until dilatation of the left ventricle 
causes it to come close enough to the thoracic 
wall to transmit its movements. It is unlikely that 
dilatation alone can cause a pulsation similar to 
the one which is characteristic of hypertrophy of 
the left ventricle. 

The characteristic pulsation of an hypertro- 
phied left ventricle is a circumscribed, broad 
thrust in the apical area which has a distinct 
heaving quality. When enlargement is marked, 
the thrust of the left ventricle may extend over 
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two interspaces and toward the left parasternal 
region; indeed, it may be forceful enough to 
cause a jerky shift of the thorax from the right 
to left. It should be borne in mind that an apical 
thrust which is directed against broad, inelastic 
ribs can be readily missed unless forceful pres- 
sure is exerted on the ribs by the palpating hand. 

The finding of a broad, heaving apex beat 
narrows the field of diagnostic considerations to 
those few conditions which are associated with 
left ventricular hypertrophy. Hypertensive heart 
disease, the most frequent cause, may be sus- 
pected even when the blood pressure has fallen 
to normal. Patent ductus arteriosus is one of the 
few congenital lesions displaying a forceful apical 
thrust. When a circumscribed, heaving apical 
thrust is felt in the presence of a rheumatic mitral 
valve lesion, mitral regurgitation may be the cause 
if either aortic valve disease or hypertension is 
absent. This finding is of great importance when 
surgery of mitral stenosis is under consideration. 


A Pulsatory Sign of Hypertrophy 
of the Right Ventricle 


Normally, in the area of the right ventricle 
and over the right half of the chest, aspiratory 
effects outweigh the propulsive forces. Palpation 
may reveal a slight depression during systole, 
notably in young persons with thin, flexible ribs. 

In the presence of hypertrophy of the right 
ventricle, a heaving systolic precordial pulsation 
appears which usually is felt best in an area 
adjacent to the left sternal margin between the 
fourth and sixth ribs. When enlargement of the 
right ventricle is particularly marked, the pulsa- 
tion may cover a wider field from the left mid- 
clavicular line to the right side beyond the ster- 
num, and from the third rib to the epigastrium. 
Occasionally, the characteristic heaving pulsation 
may be felt even below the left costal arch. This 
“epigastric pulsation” has been given undue at- 
tention as a sign of right ventricular hypertro- 
phy, while the more significant pulsation in the 
precordial area has been overlooked. 

Hypertrophy of the right ventricle alone, as 
for instance in pure pulmonary stenosis, will 
rarely produce a characteristic heaving pulsation 
of the chest wall. When dilatation is present with 
hypertrophy, or when the heart is forced ante- 
riorly by an enlarged left atrium, flattening of 
the heart occurs in diastole. Increase in curvature 
during systole, and perhaps also recoil of the 
heart, produces a sustained, forceful forward lift 
of the overlying chest wall. 

The heaving precordial impulse is encountered 
most often in association with tight mitral steno- 
sis. Since the pulsation is proportional to the 
height of the pulmonary arterial pressure, it 
serves as a helpful criterion in the selection of 
cases for surgical treatment. It is especially use- 
ful in patients whose complaints are strongly 
tinted by nervous factors. 
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When the right ventricle is markedly dilated 
and the heart is rotated to the left, as in some 
cases of interatrial septal defect (less frequently 
in mitral stenosis), the maximum pulsation of 
the right ventricle may appear in the left mid- 
clavicular rather than parasternal line. 


Mitral Regurgitation Associated 
with a Huge Left Atrium 


In the presence of marked mitral regurgitation, 
if the expanding left atrium reaches the right 
side of the chest it may transmit the impulse of 
the regurgitating blood to the thoracic wall. In 
addition to a forceful apex beat, systolic heaving 
pulsation is then felt in the right midclavicular 
line in the fourth intercostal space. Exceptionally, 
this pulsation may extend as far as the right axilla. 


Gallop Rhythm Associated 
with Heart Failure 


When gallop rhythm is due to damage of the 
myocardium leading to heart failure, a character- 
istic pulsation is observed in the precordial area. 
The apical thrust is less forceful than it was prior 
to the onset of failure. Simultaneously, a pulsa- 
tion appears in diastole, which is almost equal in 
amplitude and force to the apex beat. In graphic 
records, this pulsation is indicated by a high 
diastolic wave which coincides with the addi- 
tional sound of gallop rhythm, and most often 
with the contraction of the atrium. Both the third 
sound and the pulsation are due apparently to 
vibrations of the damaged myocardium, caused 
by the impact of blood inflow from the atrium. 
When the heart action is fast, as it usually is 
with gallop rhythm, the two palpable pulsatory 
waves, occurring in rapid sequence, may cause 
the impression of “tremor” of the precordial 
region. 


Cardiac Aneurysms 


The thin fibrotic wall of a ventricular aneu- 
rysm may be forced against the thoracic wall 
during systole by the high intraventricular pres- 
sure. A balloon-like bulge of the chest wall occurs 
which occupies from one to two _ intercostal 
spaces. When such a pulsation is felt above or 
mesial to the apical area, and there is evidence 
of myocardial infarction, it is suggestive of a 
cardiac aneurysm. Most often, however, the an- 
eurysm occupies the apical area and its impulse 
is indistinguishable from the apical thrust of an 
enlarged left ventricle. A diagnosis of cardiac 
aneurysm can be made only when it is known 
that the pulsation was not present prior to the 
development of the myocardial infarction. Occa- 
sionally, a soft precordial pulsation makes its 
appearance during the first few days following a 
coronary occlusion, and disappears after a few 
weeks when consolidation of the infarcted area 
has taken place. Harrison* observed a transient 
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pulsation in the apical area during short attacks 
of angina pectoris. 


Systolic Depressions of the Precordium 


A diffuse depression of the precordium during 
systole is observed with adhesive pericardial dis- 
ease and tricuspid regurgitation. 


Adhesive pericardial disease. A systolic depres- 
sion of the precordium which involves both the 
ribs and intercostal spaces is an important clini- 
cal sign in the diagnosis of adhesive pericardial 
disease. The depression is usually most pro- 
nounced in the apical region, but as a rule covers 
a wider area, involving most of the anterior 
aspéct of the left half of the chest. 


Various factors seem to operate in the produc- 
tion of this characteristic pulsation. Most im- 
portant is that those forces which normally pro- 
duce a propulsion of the precordium during 
systole are interfered with by pericardial adhe- 
sions, so that aspiratory effects can operate un- 
opposed. The latter are probably enhanced by a 
change in the mechanism of ventricular contrac- 
tio when the base of the heart is fixed by adhe- 
sions and therefore unable to descend during 
systole. Marginal excursions are then augmented 
in order to maintain an adequate stroke volume. 
When the shell surrounding the heart is thin or 
absent in the apical area, unusually large apical 
excursions can be observed on fluoroscopic 
study.’ Thus the direct aspiratory effect of car- 
diac contraction upon the overlying chest wall 
becomes unusually marked. 

The systolic depression of the precordium may 
be less impressive than a diastolic rebound. This 
“diastolic heart beat’ coincides with the ascend- 
ing limb of the early diastolic dip in the pressure 
curve of the right ventricle. It is caused by the 
impact of blood rushing into the ventricle from 
the high pressure region of the atrium after the 
opening of the atrioventricular valve. A third 
heart sound often coincides with the diastolic 
heart beat. 


The best known pulsatory sign of adhesive 
pericardial disease is a systolic tugging in of the 
lower dorsal and lateral portions of the left hemi- 
thorax (Broadbent’s sign). Actually, this pulsa- 
tion is rarely observed and is not pathognomonic 
of adhesive pericardial disease. It is of little prac- 
tical significance. 

Tricuspid regurgitation. The structures affected 
by tricuspid regurgitation, that is, the right 
atrium, right ventricle and the pulsating liver, 
are in broad contact with the anterior chest wall. 
Therefore, the dynamics of tricuspid regurgita- 
tion manifest themselves clearly by causing char- 
acteristic pulsations of the chest wall. 

The impact of blood ejected from the right 
ventricle into the atrium and veins, especially 
those of the liver, with each systole causes a 
forceful propulsion of the lower half of the right 
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anterior and lateral aspects of the chest. Some- 
times the impact is strong enough to lift the 
whole right half of the chest. The pulsation is 
best felt with the fist firmly pressed against the 
lower ribs in the right midaxillary line. This 
finding is especially useful as a sign of tricuspid 
regurgitation when the liver below the costal arch 
cannot be palpated. 

In the left and right sides of the chest, the 
pulsations run in opposite directions. Several fac- 
tors are responsible for the systolic depression 
of the left chest wall. The left ventricle is forced 
backward by the enlarged right chambers and is 
unable, therefore, to transmit its apical thrust to 
the thoracic wall. On the other hand, there is an 
unusual systolic diminution in the volume of the 
greatly enlarged right ventricle, the markedly in- 
creased output of which goes largely into the 
veins and the liver. The increased pulsatory ex- 
cursions of the right ventricle, as can be seen on 
fluoroscopic examination, exert a powerful, di- 
rect aspiratory effect upon the overlying chest 
wall. 

In addition, an unusually marked drop in in- 
trathoracic pressure, resulting from the outfhow 
of venous blood from the chest during systole, 
exerts an enhanced indirect aspiratory effect upon 
the thoracic wall. The fall in intrathoracic pres- 
sure cannot be quickly made up, as in the normal 
state, by influx of venous blood into the chest, 
because the blood in the veins moves in a centri- 
fugal direction during systole. All these factors 
combine to produce a diffuse depression of the 
left half of the chest wall which transgresses the 
boundaries of the heart. It may even involve the 
lower portions of the dorsal and lateral aspects 
of the left hemithorax, causing what is known as 
Broadbent’s sign. When a hand is placed on the 
precordium and the other over the right half of 
the chest, one virtually feels how the blood is 
thrown to and fro between right ventricle and 
liver. Occasionally, when the expansile pulsation 
of the liver is not distinct, the finding of a diffuse 
systolic depression at the left side of the chest 
is a useful guide to the diagnosis. 


Aortic Regurgitation 


In the presence of aortic regurgitation of 
marked degree, rapid outflow of the increased 
stroke volume of the left ventricle from the chest 
cavity causes a sudden drop of intrathoracic 
pressure during systole. In contrast to tricuspid 
regurgitation, the resulting aspiratory effect can- 
not affect the left portion of the precordium, 
where the powerful apical thrust of the large left 
ventricle causes an outward motion of the chest. 
A distinct systolic depression, however, is ob- 
served in the midprecordial region and at the 
right side of the chest, especially in the lower 
portion. The depression is roughly propo. 
to the degree of aortic regurgitation. 
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Summary 


Pulsations of the thoracic wall present a num- 
ber of helpful diagnostic signs. They can be ade- 
quately determined by the methods of inspection 
and palpation. 

Left ventricular hypertrophy is indicated by 
a broad apex beat of heaving quality. This sign, 
when associated with mitral stenosis, signifies a 
complicating lesion which may contraindicate 
mitral commissurotomy. 

Right“Ventricular hypertrophy is characterized 
by a diffuse, heaving pulsation of the precor- 
dium, which is usually most pronounced in the 
left parasternal area. When observed with mitral 


_stenosis, this pulsation is indicative of a high 


pulmonary arterial pressure. 

Mitral regurgitation in the presence of a huge” 
left atrium may produce a heaving pulsation at 
the right half of the chest in the fourth inter- 
costal space between the midciavicular and mid- 
axillary lines. 

Gallop rhythm, as a sign of failing myocar- 
dium, is indicated by a diastolic pulsation of the 


-precordium which usually coincides with the 


atrial contraction. This pulsation and the weak 
systolic heart beat, occurring in rapid sequence 
during tachycardia, may give the impression of 
“tremor of the precordium.” 

Cardiac aneurysms cause a balloon-like bulge 
of the precordium during systole. Such pulsations 
are often transient following an acute coronary 
attack. disappearing after consolidation of the 
area of softened muscle. 

A leading clinical sign of adhesive pericardial 
disease is a diffuse systolic depression of the pre- 
cordium, followed by a brisk diastolic rebound. 

Tricuspid regurgitation is characterized by a 
diffuse systolic depression at the left side of the 
chest and an opposite pulsation at the right half 
of the thorax. 

Aortic regurgitation of marked degree is asso- 
ciated with a systolic depression of the midpor- 
tion and right side of the chest, which is roughly 
proportional to the amount of regurgitation. 


Dresser, M.D. 
Cardiologist 

Department of Medicine 
Maimonides Hospital 
Brooklyn, N. Y. 
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